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1 Introduction and summary
Recently, the BICEP2 experiment discovered the B-mode polarization in the cosmic mi-
crowave background (CMB) anisotropy, which is interpreted as the primordial gravitational
waves of the inflationary origin [1]. This confirms the idea of inflation [2–6], especially the
high scale inflation such as the chaotic inflation [7].
On the other hand, one of the greatest mysteries of the Universe is the presence of dark
matter (DM) [8]. Since there is no candidate for the DM in the standard model (SM) of
particle physics, it clearly requires physics beyond the SM. Maybe the simplest extension of
the SM is to add a singlet scalar field φ which has a Z2-symmetry [9–11] and couples to the
SM Higgs boson H in the scalar potential as
V =
1
2
m2φφ
2 +
1
2
g2φ2|H|2, (1.1)
where g is a coupling constant. Due to the Z2-symmetry under which φ transforms as
φ → −φ, it is stable. It can have a correct annihilation cross section through the Higgs
portal for mφ ∼ O(100)GeV and g ∼ O(1) and account for the observed amount of DM.
We show that the scalar singlet DM, φ, can cause inflation which is consistent with the
BICEP2 result. Naively, at the large field value, φ obtains a φ4 potential radiatively, and
hence this chaotic inflation with φ4 potential is already ruled out. Moreover, it is difficult
to account for the observed density perturbation of the Universe. Our idea is to modify
the kinetic term of φ so that the potential becomes quadratic in terms of the canonically
normalized field. This is the so-called running kinetic inflation [12, 13]. It has been shown
that the SM Higgs boson can be the inflaton to be consistent with the BICEP2 result [14].
In this paper, we identify the singlet scalar φ as the inflaton, and show that it can
simultaneously explain the present DM abundance. The key feature is that the inflaton
coherent oscillation can be soon dissipated away even if it is perturbatively stable at its
vacuum, and eventually the inflaton itself participates in the thermal plasma as extensively
studied in refs. [15–18]. Then, as the Universe expands, the annihilation of the inflaton
particles again decouples from the thermal plasma at late time, which leads to the standard
freeze-out DM production. This scenario typically results in a high reheating temperature
TR & 10
12GeV that is compatible with the thermal leptogenesis [19]. Interestingly, the
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coupling g, which determines the present relic DM abundance, also determines the reheating
temperature of the Universe. In this sense, the model we propose is quite economical:1 we
can explain the inflation, reheating and DM consistent with observations by just adding a
real scalar φ.
2 Singlet dark matter as inflaton
In this section, let us consider a singlet scalar field φ which is a Z2-odd state, while the other
SM fields are Z2-even states. By imposing the Z2 invariance to the action, this singlet particle
φ becomes stable and can be a candidate of DM. The only renormalizable coupling of φ with
SM fields is a quartic interaction with the SM Higgs doublet: g2φ2|H|2. The coupling g and
the mass mφ are constrained by recent observations [23].
Since this term inevitably introduces a four point interaction of φ, we need some modi-
fications to the potential of φ in the light of recent constraints on the models of the inflation.
Thus, let us embed this scenario into the running kinetic inflation [12] in the following, which
results in the quadratic chaotic inflation favored by the BICEP2 experiment.
2.1 Setup
Suppose a singlet scalar field φ with a potential invariant under the Z2-symmetry φ →
−φ. As stated above, since the quartic chaotic inflation is already excluded, we need some
modifications to the potential of φ. To account for the flatter potential which is required for
an observationally favored inflation, we impose a shift symmetry φ2 → φ2 + C where C is a
real parameter. This symmetry is assumed to be broken at the low energy scale explicitly.
Then, the relevant Lagrangian can be written as2
L = 1
2
(
∂µφ
2
2Mpl
)2
+ ǫ
1
2
(∂µφ)
2 − 1
2
m2φφ
2 − 1
4
λφ4 − 1
2
g2φ2|H|2 + · · · , (2.1)
at the lowest order. HereMpl stands for the reduced Planck mass. The first term respects the
shift symmetry, while the other terms break it very weakly: ǫ, λ, g2,mφ/Mpl ≪ 1.3 Notice
that the second term is responsible for the kinetic term at the low energy, while the first term
gives the kinetic term at the inflationary (large field value) regime. To see this behavior more
explicitly, let us canonically normalize the inflaton field φ. Since the Lagrangian (2.1) reads
L = 1
2
(
φ2
M2pl
+ ǫ
)
(∂µφ)
2 − 1
2
m2φφ
2 − 1
4
λφ4 − 1
2
g2φ2|H|2 + · · · , (2.2)
one obtains the canonically normalized field σ as
σ
ǫMpl
=
1
2
φ√
ǫMpl
√
φ2
ǫM2pl
+ 1 +
1
2
ln
[
φ√
ǫMpl
+
√
φ2
ǫM2pl
+ 1
]
. (2.3)
1 A similar model was proposed in refs. [20, 21] in the context of inflation with non-minimal coupling to
gravity [22]. In ref. [12], the possibility of inflatino DM (the supersymmetric partner of the inflaton) in the
context of running kinetic inflation was pointed out.
2 In this paper, we do not consider higher derivative terms of φ2 which also respect the shift symmetry.
3 There also exist shift symmetry breaking terms which contain derivatives: g2nφ2n(∂µφ
2)2, g2nφ2nǫ(∂µφ)
2.
Here since one may regard g2 as an order parameter of the shift symmetry breaking, the suppression factor
g2n is explicit for each φ2n. Thanks to the smallness of g2 ∼ 10−5 [eq. (2.11)], (g2φ2/M2pl)n ∼ (g2σ/Mpl)n is
suppressed even in the inflationary regime. In the low energy regime (|φ| ≪ √ǫMpl), these operators can be
expressed as g˜2nφ˜2n(∂µφ˜
2/ǫ)2 and g˜2nφ˜2n(∂µφ˜)
2 in terms of the canonically normalized field φ˜ ≡ √ǫφ. Due
to the smallness of φ˜≪ ǫMpl (and also g˜ [eq. (2.7)]), these operators are suppressed.
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This analytic form can be approximated with
σ
ǫMpl
≃


φ√
ǫMpl
+
1
6
(
φ√
ǫMpl
)3
+ · · · for |φ| ≪ √ǫMpl,
±1
2
φ2
ǫM2pl
± 1
4
[
1 + 2 ln
(
2|φ|√
ǫMpl
)]
+ · · · for |φ| ≫ √ǫMpl,
(2.4)
where the sign in the second line corresponds to the sign of σ.
Before discussing the inflationary dynamics, let us relate this action with one at the
low energy scale. From eq. (2.4), the canonically normalized field σ for a small field value
φ≪ √ǫMpl becomes σ ≃
√
ǫφ ≡ φ˜. Thus, the low energy effective action can be expressed as
L = 1
2
(
∂µφ˜
)2
− 1
2
m˜2φφ˜
2 − 1
4
λ˜φ˜4 − 1
2
g˜2φ˜2|H|2 + · · · , (2.5)
where the parameters at the transition scale, ǫMpl, are defined as m˜
2
φ ≡ m2φ/ǫ, λ˜ ≡ λ/ǫ2 and
g˜2 ≡ g2/ǫ. Assuming that the self interaction is smaller than the quartic interaction at m˜φ
scale, λ˜ ≪ g˜4, one finds that the radiative correction dominates the self interaction of φ at
the high energy scale.4 Hence, we expect the following relation:5
λ/ǫ2 = λ˜ ≃ (g˜4/8π2) ln[ǫMpl/m˜φ]. (2.6)
The important low energy parameters g˜ and m˜φ are being constrained by recent observa-
tions [23]. There are basically two viable parameter regions: the light singlet region and heavy
singlet region, in which the observed DM abundance is correctly explained with satisfying
other experimental constraints. First, in the light singlet region: [m˜2φ + λ˜
2v2/2]1/2 < mh/2,
6
where v ≃ 246GeV and mh ≃ 125GeV are the VEV and mass of the SM Higgs respectively,
the couplings should be smaller than g˜2 . 0.02–0.03 owing to the constraint on the invisible
decay width of the Higgs boson. In this regime, since the coupling is somewhat small, the
DM mass should be near the resonance pole of the Higgs boson to account for the correct DM
abundance. Hence, the allowed region lies near m˜φ ∼ mh/2. For the heavy singlet case, the
DM direct detection experiments give stringent constraint on the parameter spaces. Notice
that a too large mass requires a large coupling to account for the present DM abundance,
and it eventually threatens the perturbativity of this model.
As reference values, we take following parameters:{
m˜φ = 55GeV, g˜
2 = 4× 10−3 for light singlet case,
m˜φ = 1TeV, g˜
2 = 0.3 for heavy singlet case.
(2.7)
These parameter regions may be probed by future studies of Higgs invisible invisible decay
width at ILC [24] or the DM direct detection such as XENON1T [25].
4 One may regard g2 as an order parameter of the shift symmetry breaking. Then we naturally expect
λ ∼ g4. The presence of λ of this order does not much affect the following results.
5 Also the quartic interaction increases the Higgs four point interaction radiatively, and hence it can
stabilize the Higgs potential.
6 The physical mass of DM, [m˜2φ + λ˜
2v2/2]1/2, can be approximated with m˜φ because the coupling at m˜φ
scale λ˜(≪ g˜4) turns out to be small in the viable parameter regions. See eq. (2.7).
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2.2 Running kinetic inflation with singlet scalar DM
Then, let us discuss the inflationary dynamics of this model. For a large field value
φ ≫ √ǫMpl, the relevant Lagrangian (2.1) in terms of a canonically normalized field
σ ≃ ±φ2/(2Mpl) ≡ φˆ can be written as
L = 1
2
(
∂µφˆ
)2
− λM2plφˆ2 + · · · , (2.8)
where · · · collectively denotes small terms which are not relevant in the inflationary regime
as justified a posteriori. Thus, this model can account for the quadratic chaotic inflation
at the large field value |φˆ| ≫ Mpl. The effective inflaton mass in this regime is given by
M2 = 2λM2pl.
To satisfy the Planck normalization of the scalar fluctuations, the mass of the inflaton
should be M ≃ 1.5× 1013GeV. This fixes the coupling λ as
λ =
M2
2M2pl
≃ 2× 10−11. (2.9)
Then, eq. (2.6) implies that the small parameter ǫ is roughly given by
ǫ ∼ 8× 10
−6
g˜2
∼
{
2× 10−3 for light singlet case,
2× 10−5 for heavy singlet case. (2.10)
Hence the transition field value becomes ǫMpl ∼ 1013−15GeV. By using eq. (2.10), we
can estimate typical values of original “small” parameters mφ, g
2. Interestingly, the Planck
normalization fixes the combination, ǫg˜2, and hence one finds
g2 ∼ 8× 10−6. (2.11)
Also the typical value of the inflaton mass should be
mφ =
√
ǫm˜φ ∼ O(1)GeV, (2.12)
for both the light singlet and heavy singlet cases. Since these parameters are small, the
inflationary dynamics can be well described by eq. (2.8). Also, notice that the field direction
along the Higgs field acquires larger mass than the Hubble scale during the inflationary
regime: g
√
φˆinfMpl ∼ 1015GeV > Hinf ∼ 1014GeV where Hinf denotes the Hubble scale
during inflation. Therefore, the Higgs field is expected to settle into its vacuum immediately.
2.3 Reheating after inflation
After the era of the inflation, the inflaton φ starts to oscillate coherently around its potential
minimum with a large initial amplitude ∼Mpl. Since the Higgs field couples to the inflaton
via the quartic coupling, its effective mass term depends on the field value of φ, and the
dispersion relation of the Higgs depends on time in the inflaton oscillation regime. Hence,
the Higgs particles can be produced copiously via the so-called non-perturbative particle
production [26, 27]. Moreover, the Higgs has a large top Yukawa coupling, and produced
Higgs particles can decay into other SM particles efficiently, that is, so-called the instant
preheating [28] takes place at first.
The whole reheating stage can be roughly divided into two regimes:
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1. the instant preheating creates a (hot) background plasma and it terminates due to
efficient rescatterings with the produced plasma (section 2.3.1),
2. then the remaining inflaton condensation dissipates its energy via the interaction with
the background plasma (section 2.3.2) [29–33].
Complete analyses of this whole reheating process are found in a series of works [15–18]. In
the following we discuss properties of these two processes in section 2.3.1 and 2.3.2. Then, to
make our discussion concrete, we perform numerical computations and follow the dynamics
with bench mark points, light/heave cases [eq. (2.7)], in section 2.3.3.
Before going into details, let us summarize basic ingredients to follow the evolution of
the Universe. To estimate the reheating temperature in such a complicated scenario, we
roughly approximate the potential in terms of the canonically normalized field σ with
V ≃


1
2
M2σ2 + ǫg˜2Mpl|σ||H|2 for |σ| > ǫMpl,
1
2
m˜2φσ
2 +
1
4
λ˜σ4 +
1
2
g˜2σ2|H|2 for |σ| < ǫMpl,
(2.13)
whereM2/2 ≡ ǫ2λ˜M2pl and λ˜ ∼ g˜4/8π2. The inflaton obeys the following equation of motion:
σ¨ + 3Hσ˙ + V ′(σ) + Γσ[σ;T ]σ˙ = 0, (2.14)
where the dissipation rate is denoted as Γσ[σ;T ] that depends on the field value σ and also
the property of background plasma in general. Here we simply assumed that the background
plasma can be approximated with the thermal one. The evaporation time of the inflaton
condensation is characterized by the oscillation averaged dissipation rate [15, 16]:
Γeffσ [σ¯;T ] ≡
〈
Γσ[σ;T ]σ˙
2
〉
〈σ˙2〉 , (2.15)
where 〈•〉 denotes the oscillation time average. By using the effective dissipation rate, the
evolution of the Universe can be obtained from following equations:
ρ˙σ = −
[
xσH + yσΓ
eff
σ
]
ρσ, (2.16)
ρ˙rad = −4Hρrad + yσΓeffσ ρσ, (2.17)
3M2plH
2 = ρσ + ρrad, (2.18)
where ρσ/rad denotes the energy density of the inflaton/radiation respectively and (xσ, yσ)
depends on which term dominates the potential: (xσ, yσ) = (3, 1) for the quadratic term
and (xσ, yσ) = (4, 4/3) for the quartic term. Since the only unknown function is Γ
eff
σ , let us
evaluate this effective dissipation rate in the following.
2.3.1 Instant preheating
At first, the potential is dominated by the large field value regime, since its amplitude σ¯
is large, σ¯ > ǫMpl. Thus, the inflaton approximately oscillates with σ = σ¯ cos[Mt], and
hence the velocity of the inflaton field around its origin is given by σ˙|σ∼0 ≃ Mσ¯. On the
other hand, after its amplitude decreases due to the cosmic expansion, its potential becomes
dominated by the four point interaction. Then the velocity reads σ˙|σ∼0 ≃ λ˜1/2σ¯2. Owing
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to this large velocity, the adiabaticity of the Higgs can be broken down near the origin of
the inflaton potential and then they may be produced non-perturbatively. Let us define a
parameter k∗ that characterizes the non-perturbative particle production as
k2
∗
≡ g˜ σ˙|σ∼0 . (2.19)
The Higgs particles are efficiently produced if the following condition is met [26, 27]:
k2
∗
≫ max [m2eff,σ,m2scr,H] , (2.20)
where meff,σ is the effective mass of the inflaton that depends on which term dominates the
potential, and mscr,H denotes the screening mass of the Higgs near the potential origin of
the inflaton, which comes from interactions with the background plasma if it exists. If the
background plasma can be regarded as the thermal one, the screening mass for the Higgs
is approximated with ytT . Before the first passage of σ ∼ 0, since there is no background
plasma in the Universe, this screening mass vanishes. The first condition implies that the
non-perturbative particle production does not take place if the mass of the inflaton is larger
than the effective mass of the Higgs, meff,σ > g˜σ¯; and the second one implies that if the
interaction between the Higgs and the background plasma is efficient, the non-perturbative
particle production does not occur. If the condition (2.20) is met, the Higgs particles suddenly
acquire the following number density after the passage of the non-adiabatic region, |σ| <
[meff,σσ¯/g˜]
1/2:
nH ≃ k
3
∗
2π3
. (2.21)
Since the Higgs field has a large top Yukawa coupling, these produced Higgs particles
can decay into other SM particles. After the Higgs production at the non-adiabatic region,
the Higgs particles become heavier because the field value of the inflaton grows towards
its maximal value, σ¯. Hence the decay rate of the Higgs into other SM particles becomes
larger correspondingly. The typical time scale can be estimate as 1 ∼ ΓH(σ(tdec))tdec ∼
y2t g˜σ¯meff,σt
2
dec. Note that one can show that Higgs particles decay after they become non-
relativistic, tdec ≫ tNR with meff,σ ∼ g˜σ(tNR) ∼ g˜σ¯meff,σtNR, by using the non-adiabatic
condition [eq. (2.20)]. If this time scale tdec is much shorter than the oscillation period of the
inflaton, meff,σ ≪ y2t g˜σ¯ ∼ g˜σ¯, produced Higgs particles completely decay before the inflaton
moves back to its origin again. As a result, the parametric resonance does not occur since the
induced emission is absent. In our case, this condition is almost automatically satisfied when
the non-perturbative particle production can take place, because the top Yukawa coupling is
large. Through this process, the inflaton loses its energy with a rate [15, 16]:
ΓNPσ ≃
g˜2meff,σ
π4yt
. (2.22)
The background plasma is produced gradually via this process, and the non-perturbative
particle production becomes less effective when the screening mass of the Higgs becomes
comparable to the characteristic scale, mscr,H ∼ k∗. If the background plasma can be well
approximated with the thermal plasma,7 this condition indicates ρrad ∼ π2g∗g˜2/(30y4t )ρσ,
and the energy might be still dominated by the inflaton, depending on parameters. And
also the temperature tends to be larger than the effective mass of the inflaton at that time,
T ≫ meff,σ (See also figure 1).
7 In our case, the inflaton mass is much smaller than the would-be temperature of the background plasma.
Hence, we expect that this assumption is (marginally) satisfied. See also figure 1.
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2.3.2 Thermal dissipation
After the end of the preheating stage, the remaining inflaton oscillation dissipates its energy
via frequent interactions with abundant thermal plasma, and eventually the inflaton partici-
pates in the thermal plasma if interactions are efficient. The thermal dissipation rates of the
Z2-symmetric scalar field were studied in detail in ref. [17], and so we do not repeat tech-
nical details. Instead, let us summarize the relevant dissipation rates and explain intuitive
reasoning of their behavior. Since the effective mass of inflaton is much smaller than the
temperature, the background plasma essentially feels the inflaton as a slowly varying object.
In addition, the Higgs particles are expected to be produced from the thermal plasma when
the inflaton passes through g˜|σ| < T . This is because the time interval δt in which the infla-
ton passes through g˜|σ| < T is much longer than the typical production rate of the Higgs in
this regime: y2t Tδt ∼ y2t T 2/k2∗ & 1 because mscr,H ∼ ytT .
Therefore, one can estimate the dissipation rate of the inflaton by assuming that the
background plasma remains in thermal equilibrium. There are three typical situations where
the thermal dissipation becomes relevant [17].
(i). Dissipation via thermally populated Higgs particles with meff,σ ≪ y2t T :
Together with the above discussion, the inflaton can be regarded as a slowly moving
object in this case. The inflaton loses its energy via interactions with thermally
populated Higgs particles while it passes through g˜|σ| < T . The effective dissipation
rate can be estimated as
Γeff, slowσ ∼ c


g˜T 2
y2t σ¯
for T/g˜ ≪ σ¯,
g˜4σ¯2
y2t T
for T < σ¯ ≪ T/g˜,
g˜4T
y2t
for σ¯ < T,
(2.23)
with c being a factor of O(10−1).
(ii). Dissipation via thermally populated Higgs particles with g˜σ¯ ≪ ytT : In this
case, one can safely assume that the Higgs particles are in the thermal plasma even
if the inflaton oscillates fast because the amplitude σ¯ can be neglected. Again, the
inflaton loses its energy via interactions with thermally populated Higgs particles, and
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its rate can be estimated as
Γeff, smallσ ∼ c


g˜4σ¯2
y2t T
for
√
y2t T
meff,σ
T < σ¯ < ytT/g˜
g˜4T 2
meff,σ
for σ¯ <
√
y2t T
meff,σ
T
with y2t T ≪ meff,σ . ytT ;
(2.24)
Γeff, smallσ ∼ c


g˜4σ¯2
meff,σ
for T < σ¯ < ytT/g˜
g˜4T 2
meff,σ
for σ¯ < T
with ytT . meff,σ < T ;
(2.25)
Γeff, smallσ ∼ c
g˜4σ¯2
meff,σ
with T < meff,σ,
(2.26)
with c being a factor of O(10−1).
(iii). Dissipation via a higher dimensional operator with meff,σ ≪ y2t T : In the
regime where the field value of the inflaton is larger than g˜|σ| > T , there are no Higgs
particles due to the Boltzmann suppression. Even in this regime, integrating out these
heavy Higgs field, one finds that the inflaton can interact with the thermal plasma
via a higher dimensional operator: (δσ/σ¯)FF , which leads to the following effective
dissipation rate [34, 35]:
Γeff, largeσ ∼ bα2g˜
T 2
σ¯
, (2.27)
with b being a factor of O(10−3) and α being the fine structure constant of SU(2)W.
Note that all the above dissipation rates contain uncertainties c that come from approxima-
tions used in the course of calculation [15, 16]. In the following, we do not seriously care
about factors but concentrate on the order of magnitude estimation.
In order for the inflaton condensation to lose its energy completely, its dissipation rate
should exceed the Hubble parameter before m˜σ > y
2
t T . Otherwise the dissipation rate
cannot catch up the Hubble expansion. This puts a lower bound on the coupling g˜ &
g˜c ≡ [m˜σ/Mpl]1/4, which is satisfied in the relevant parameter spaces. After the inflaton
coherent oscillation loses its energy completely, then the inhomogeneous mode of the inflaton
is expected to cascade towards the ultra-violet regime, T , immediately against the cosmic
expansion and eventually participates in the thermal bath [17].8
2.3.3 Numerical results
Now we are in a position to estimate the reheating temperature. To be concrete, we perform
numerical calculation of eqs. (2.16)–(2.18) with two benchmark points: the light/heavy singlet
case (2.7). Figure 1 shows the time evolution of various quantities in the two cases: Left/Right
two panels for the Light/Heavy cases. The upper two panels show the evolution of the energy
8 Also one can show that the preheating due to the four point self-interaction of the inflaton does not
change our results quantitatively because λ˜ ∼ g˜4 ≪ g˜2. See ref. [18] for more detailed discussion.
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Figure 1. Left Two Panels show the typical time evolution in the light singlet case, (g˜2, m˜σ) =
(4 × 10−3, 55GeV), Right Two Panels show the typical time evolution in the heavy singlet case,
(g˜2, m˜σ) = (0.3, 1TeV) [See eq. (2.7)]. Upper Two Panels show the time evolution of the energy
density for the inflaton [blue] and for the radiation [pink]. Lower Two Panels show the time
evolution of various quantities; the effective dissipation rate [purple], the Hubble parameter [black
dotted], the effective mass of the inflaton [blue] and the temperature [pink].
density of inflaton and radiation with blue and pink solid lines respectively. And the lower
two panels show the evolution of the effective dissipation rate [purple solid], the Hubble
parameter [black dotted], the effective mass of the inflaton [blue solid] and the temperature
[pink solid]. In both cases, at first, the radiation is produced via the instant preheating and
it behaves as ρrad ∼ ΓNPσ ρσ/H ∝ meff,σρ1/2σ until k∗ ∼ ytT where the condition (2.20) is
broken down.9 In the light singlet case (left panels), the energy density of radiation scales
as ρrad ∝ a−3/2 when the inflaton oscillates with the quadratic term, and then the scaling
changes as ρrad ∝ a−3 since the inflaton potential becomes dominated by the quartic term.
When the condition (2.20) is saturated, the thermal dissipation comes in and the amplitude
of the inflaton immediately decreases g˜σ¯ < T . Owing to the thermally populated Higgs
particles, the dissipation rate suddenly increases as can be seen from a sharp feature in
figure 1, and eventually the inflaton condensation is completely broken into particles by the
9 In the light singlet case, at the very time when the non-perturbative particle production shuts off, the
energy densities of the inflaton and radiation become comparable, since the condition ytT ≃ k∗ [See eq. (2.20)]
implies ρrad/ρσ ≃ π2g∗g˜2/(30y4t ) ∼ 1 accidentally.
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dissipation Γeff, slowσ ∝ T in the last line of eq. (2.23).10 In the heavy singlet case (right
panels), the Universe is soon dominated by the radiation via the instant preheating before
the potential is dominated by the quartic term. After the condition (2.20) is saturated, the
inflaton is soon dissipated away due to the thermally populated Higgs particles.
In both cases, the radiation starts to dominate the Universe at H ∼ ΓNPσ , which indi-
cates the reheating temperature: TR ∼ [90/(π2g∗)]1/4
√
ΓNPσ Mpl with g∗ being the relativistic
degree of freedom at TR. It can be expressed as
TR ∼
(
90
π2g∗
)1/4


(
3
2π18
)1/4(
g˜3
yt
)
Mpl for light singlet case,(
g˜
π2
√
yt
)√
MMpl for heavy singlet case.
(2.28)
As one can see, the radiation dominant era starts much before T ∼ 1012GeV, even in the
light singlet case where the interaction g˜ is relatively small.
3 Discussion and conclusions
Motivated by the recent observation of the B-mode polarization by the BICEP2 experiment,
we have considered a scenario that the chaotic inflation is induced by a singlet scalar field
with the running kinetic term, and it simultaneously becomes DM in the present Universe.
The key point is that the inflaton is heavy at the large field value where inflation happens,
while it can be so light around the potential minimum that its thermal relic abundance can
match with observed DM abundance.
The process of reheating might be non-trivial since the inflaton has a Z2-symmetry
and it is perturbatively stable at its vacuum. However, the combined effects of particle
production and the scattering with particles in thermal bath cause efficient dissipation on
the inflaton coherent oscillation and actually the inflaton is soon thermalized after inflation
ends. Once the inflaton participates in the thermal plasma, the following thermal history is
described by the standard radiation dominated Universe. Since the reheating temperature is
so high, TR & 10
12GeV, the thermal leptogenesis successfully works [19]. Interestingly, the
four point interaction with the SM Higgs that determines the DM relic density also induces
the cosmic reheating and determines the reheating temperature. Thus we think that this is
a kind of minimal scenario that explains the primordial inflation, reheating and present DM
abundance.
The singlet scalar DM scenario may be probed by future direct DM detection experi-
ments [25] and also by the collider searches through the Higgs invisible decay [24]. Because
of the high inflation scale and high reheating temperature, direct detection of inflationary
gravitational waves with future space laser interferometers is also plausible [36–40].
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